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As s known, ths basic problem of ztrospheric slscuricity, which causes
the earth's surface to remain charged, has not yet besn solved in spita of a
number of hrpotheses more or lecea explaining one or another aspect of this
question.

Toe main d1f¥ismlty snoountared in the sclution of this prodlem: g the N
lack of experimsautsal meterial, anf for tLic reason it 1s necessary to resort .

to various sammptions whioh carnot always be confirmed wmder the actual

oconditions of the aimosphere and tho sarth's surface.

. i : Al nov material drawn from observations, and which was hitherto unknown,
N BQY 834vo 88 & supplementary argumert in relation to some hypothesis which e
B B : btesed, more or less, on modern ideas.

In this connection consider a= acceptable, tut not in erary case mroved,
’ . ¥ileon's hypothesZs (1). supplemented by Vigand end reuently by Whippls and
Scrase an ths basis of experimental work dome by Wormell (2) and Schonland.

- ) Tho &.%e can be #a1d of the recent hypothesis evolved by Ya. I. Frenkel'
Y (3), Besed on the recent experimental work of Simpson and Horase (&) and om
modern 6olloid-electrochemical concepts, and also on the corresponding pkrzical- ' e !
mathematicel considerations. Thie hyprthesie r-esents ¢ original viewpgieht e e
regarding phonomens and processes connocted with the rsduction of the ecrth's -
elwotrical oharge. - These two hypothesas, vhich differ in principle with regard
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%> the mechanism of the metuni ~wsresa semnectel with the charge of the
earth’s surface, originate from the same essential point that the "comter-
current," the amount of élestricity compensating the inflow of positiive
dleotricity to the earths surface, ocours inm so-called "disturbed" regions,
whe~e the elactrical field of the sarth, under certain conditions, hag m

- dirsctinn oppossi to the one oxisting in the regions of "fair weather."
Both of the cited hyvotheses conpider zones and periods of storm precipitatione
or storm clowdiness as being such regions.

Schweidler, oiis of the more competent investigators in this fie)d, gives .
a8 more preoiseé definition of these areas with abnormal electric field values,
According to him, such areas may be expediently divided into two classes:

1. Areas in which the energy of the field is directed upwards (“areas
of negative potential gradienta”), but where, ap far as absclute quantity
is osncerned, the energy does not sxceed the normal values, and in which
thie dieturbance continues for & relativaly lLong tihe; such arsas, for in-
ateace  include vegions with continucuc prscipitaticon. ! v

2, Areas in which the energy of the fi¢ld changes guickly and ir-
regularly, at the eame tims assuming absolute values which, compered with
the normal values, .are encrmous; this occurs during precipitation of a
squelly sharacter and, above ail, during thunderstorms.

" Furthepmore; in aralyzing thes. two instancea, Schweidler comss to
the conolusion that these proceseges in distwrbed areas are not sufficfent
to compengate for the positive charge approaching the earth’'s surfrco.
Schweidler considers that the experimental work of Wormell (2) provides
& good expianation of thie facht, Wormeli has measured quits large ourrents
during atmospheric-elestrical disturbances which originated froa point
dipcharges. By evaluating the integral (wiil respect to time) of the
ourrent leaving & rod 8 meters high, with the point upwards vhich Wormell
considers as a tree model, he sames to the conclusion that theve is &
sufficient amount of elestricity, in the form of "countercurremt® in
the disturbed areas, to compensate for the conductivity current cn the
whole of the rest of the sartn’s surface. However, the "balance," which
he expresses as the surplus of countercurrent. of ko , determined for
Cambdridge and estrapolated for all disturbed sreas, is hardly based on
strict principles.

In this conaection, the fulliowing observations on the Fedshenko glacier
(experimunts on the glacier were made in the course of two winters, 1939-40
and 1943-M4, by the head of the station, S, P. Cherptanov, under the general
and metbodical supervision of the author), Ly means of w¥hich oonsiderable
values of the reversed electrical field wers disclosed in the course of
prolonged pericds of time, my offer three items of supplemen:ary material:
(a) there are areas on the earth's surtace providing "countsrcurrents" even
in the absence of storm activity; (b) the "countercurrent" in euch areas is
considerable in quantity ard continues for a long time; and (c) the .
“countercurrent” is not onnectsd with the daily periocdicity of thunderstarm
procesacs in areas of the greaiost storm activity (which is, for immtence,
the basis of the Whipple and Scrase hypothtesie, on the daily course of the
gradient of electrical potentialj.

In this vay, the two cited statements of Schveldler may be supple-
mented by a third one. :

3. There are aress in vhich the voltage of the electrical field
changes oomsiderably, assusing great negative values, up to vens of
thousands of volts per meter; such reversed electrical fields vxist
continucusly “n the couras of 24 howrs and are of long duration.

I novw proceed to prove this statement. The existing results of
observation during snowfalls, show that the elactrical potential gradient
in the atmosph: /e 1a considerably raised and remaina positive, These
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observations agree fram both the middle latitudes and the. northems .polar regions,
vhers snovfalle are a common cocwrTence during the grester part of the yeaw.

A different eitvation ocours during smowfall on the Pedohenko glacter, a
high mountain cbservatory in the Kirghis region, :

During smowfall, espgclally with sProng winde excesding 7-8 meters per
seoond, the gradient of slectrical potential aspumss pegative values, mers
‘than 5600 volts per meter, the limit valued of low sensitivity on Beadorf's
elactrograph (at the obaervatory).

By @y of illustration, the dtegram, (Figure 1) gives the comparative
courge of gradient duriag snowfall on & single day, 2% Deossber 1943, in
Teshkent and on the Fsdchemko glacier, rogistered by the same type of re-
ocording device.

From the lines rslating to ths &aily course of the gradient of the
elentrical potentisl (1o hoth csses dwring snmevfall), it can bs ssop that
vhile in Teshkent the gradisnt hus & positive saipe, on the Psdohenks glacier
the sams olument aesumes & nogative value, increasing with the wind welsccity.
At the ssms time, dmsing vind velosities of less then 8 meters per second, the

gradient hus the usual positive values.

%his 1s ohdracterietioc for the Fedohexko smim' during all pericds of
enowfall, ot for 2k hours but for months and entire seasons, i.s. sotually
daring the gr'egtér part of the ysar.

The line oaFigurs 2 vhich show ths gradient of elesctriocsl potemtixl in
relaticn to wind velooity, illustrate the above statement., The elestrical
f1e1d least comnected vith snocwfall has normal wlues, only during the period
June to September. Through two other periods, Ootober to Januvary and espe-
cially February to May, during snovfalls coupled with high winds, their
velooity sometimes reaching 18-20 meters per second and mcre, the electrical
fleld has reversed valuss, and the gradisnt of the vlecirical field ansvmes
values up to several thowsand and more volts per moter.

In this comnection it is interesting to oompare the gradients of electrical
potential under the same conditions of smorfall and ccrresponding wiud
velooities on Dickson Island (5) (Figure 3).

The lines showing variation in electrical potantial gradient on Dioksor
Island, by the same self-recording devioe (Bundorf's) give only poeitive
velues, and, just as on the Fedchenko glacier, they increass with the vind
velesity, ard this prevails throughout the ysar. ]

Tliue, the elootrical field &uring Sacvfall d1ffers radically, both in
rige and especially with regax=l to 1%s usgative valus on the Pedchenko
glacier, fram fields in the flatlsnds of various latitudes, for examrls, in
Taghkert or on Diokson Island.

he oxplanation of this anomalous phenomencn, somsidering tho underlying
surface cf tho Fedchenko glasier and the oroxpraphic conditions of the obrer -
vation point looation may, in my opinion, be summarized as follows:

Tirst of ell, let us remark that tke underiying surface, or which the
observatory and the atmospheric clectricity obsorvation point are located,
borders upon &n izmense glacier fiwld, into which some smaller glaciers flov,
okiefly from the south.

Surrounded dy mountains, particularly high on the viat and scuthwest,
the metecrological station is located opposite ths great Knshulayezk pass
in the Pamir area {in the directiom southvest.west) frem whers strong winds
blow, bringing mesees of snov from the surrounding glaciers (FMgare &),
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Cbservers report that during heavy emowfulls it 1s hard to determine the T
source of the anuv, 1.0., whether it falla from the atmosphere or Vhegher =~ =~~~ 7
1t drifte from the ravins and the surrounding mountein psaks {e.g. Peak

“MYaD" and othere).

Wintér obsorvatidhs malds by the Station Head, S. P, Cherptanov, on
the Pedchenko glscier indicate thet the tramsition of the electricel
potential gradient from positive to negative values takes place under two
conditions: @uring heavy gusts of wind, which raise the smow f~:m the ,
eurfacqd and, espescially, at times when the snow is carried over by strong
air owrents (vinds over 10-12 meters psr sscond) from the glaciers or
mwuntain configurations surrowgpding the statiom, vhioh are covered with
ice or oternal snov. During talh periods, vhen the snow falle from &
fros atwosphere, the gralisnt assumes positive values (a good 11lustration
of thie ig the curve of daily wvariation in Figure 1). According to S,E.
Cherptanor, this ie shown o olearly that it is possible to Juhle by the
eleotrograph needle whether the snow is falling, or being carried over
fram glacier fields, or rolling down the mountain slopre cavered vith .
@ternal snow. Hemce it 1s natural to connsot the megative valusa of the
slsotrical potential gradient with certain wind effecis and the charscter
of ths falling or windbarne anow,

Some time ago, Rugge (6) and lster Xithler (7), explained the positive,
and usuelly inoreased valus of the gradlemt of eleotricel potential dwring
snowfall &¢ being caused by the formttion of space charges dme to minute
particles of saow beitg broken off from snowsfTidesy, especiaslly dwring
snowstores. - Thege particles are churged with negative olectricity and ere
carried upvards; the :wisb=of tho snowflake, charged positively, descends,
thus causing positive space charges. In this way, the charges sve divided
and the positive field of the atmosphere is inoreasel. Under cr_inary
conditions of the underlying surface, this charge is traxsmitted to the
earth and is neutrelized. However, under the conditions prevailing on the
Podohenko glacier, the positively charged smow, falling on a solid massive
leyer of snow (thickness 0.40.0,50) evidently keeps its charge, eeprodially
when the snow is on a glacier foundation,

If thim is, indeed, the case, the observations anl recardings become
urderstandable and sxplanatory, giving negative values of the eleotrical
potentisl gradient under certain conditions of snowfall (or, more correct-
1y, the Urifting over of smovw).

In this case, the sleotricsl potenticl gradient observed on the
FPodcheako glasior might be expiaiosd as follows,. :

As cited above, thc¢ winds blowing en the Felohenko glacier arohd
the station are usually (especially during snowsicrms) vess-scu.avert,
ooming from the Iashalayal" pass, v.ich ig located near the glacial bdes
snd 100-150 meters abore 1t, Dwring saowstorms the wind drives the
enov along in She farm of an avalanche or sucwirift (the latter may slsc
occur from local winds)., This snov ie charged positively, as ususl.
Hitting tho station from the snow or windward side, whers the collector
{the receiving part of Béidorf's sleotregraph, vhioh regieters the voltage
of the oisctrical field) 1s located, the snow charged positivaly, acovmu-
lating on the boss, (especially vnder the colleoter) everses the direction
of the eleotrical field from below upward,

On the other hand, minute particles, treaking cf'f the more emsily
the strongsr the wind, are carried upwards, charging the }oger pert of
ths clowd farmations which .re ususl during snowstorms an the Fedchenko
gluoier, and vinx this way influence the electrical field of the atmcuphere
in the same dirsotion as the positively charged masses of snov belov. )
-h .
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-+ In this way, a sort of "condenser" 1s formed with the positive asids °
{the surface of the enow) undernsath,({The positive charge of & apow surface
hea deen noted by V. I. Geresimenko (8), who carnded out research on
atomospheric electricity on Cape Chelyuskin. Accarding to Cerasimenko,
HEe repeatedly obssrved a potential difference between the gpsundsd body
of the sleotrometer and the thread comneotiag it with the snow flurface. ‘).
The negatively chargsd layer of the lower part of the cloulls above i3, as
it were, the negatively charged side of the essme sondenser.

The height of the collector is, rsletively speaking, consifierable (up
to 3 motera). It 1s situated in the field of this pecuilar coudenser, in
which ¢ths distribution of lines of foros and their dirsstion chenges, de-
pending on different processes commected with the fell of snow and ite
horizental ané vertical mowmesnzts under the influsnce of air cwrrenia.

The dymsmios of the processss comnected with stroug winds (velooity
up to 20 meters per ssoond and more), and the influence of these precesses
on the olestriosl sondition of the snow cauee oSheimereyagdc: character of
the fiald, as obeerved o ihe Pedohenko glacier.{This is desoribed in
greater Astall in the guthir's monograph on the Fed~henko glacter (2)).

With regard to the peoblem of tho ohsrge of the earth's surface, the
observations mids cn the Pedchenkob glacisr sswime the character of supple-
mentary mpterial on the "halense” of cowntercurrent, whioh is computed by
611 .authors only cn the basis of obeervatiovs in storm regleds, and from
point dispharges cbserved experimsntally at ssveral points of the.glote
dwring thm-m. The observations on the Fedohenko glacier are of
particular importance when we consider the high values of the f1e1d,
Possilly smounting to tens of thousands of voits por meter and ocowrring
over & poriod of about three fowrths of a year, samstimes for dsys on end.

It should be noted that (aocording to the well-known glaciologist
N. L. Xorshenovskiy) such orographic, metecrological and climztologiocl
saaditions are not &t all unusual,

At the sams time, 1f we takd in*~ gonsideration the intemsity and -
oontimuity of ths processes, such reversed electrical fields muct have
s dsfinite affect on the mreservation of the earth's oharge, as long
as this nfou with the hypothesis of Wilson and othars, who commeot the
weservation of the negative oharge of ths earth with the reverssd fields
in sones of disturbanss of the normal elsctrical field.

It is possible thut the phenamencn obssrved on ths Fedchenko glacier,
if generalized for all regions with simiisr reversed fields forxed under
similer comditions of sncrfall, vill okow its effect egual to that
obsurved in storm regions at irreguinr intervals ard cot wlwaye dnfinite
as to its sign. It will be necessary then to make a “"recomputation” of
the balance of positive and negative cwrents, and, possibly, to make a
goneral ryvision of the theory from & Aifferant viewpoint.

The author, having other facir and mvterial at his disposal whick
can oxplain the uegative charge of the ewrth's swZace from a different
viewpoint, intends to Aevote a specisl treet’se to this queation in tbe
near future.
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Sk
Pigore 1. Vertations of ¥ Buring Snowfall, 29 December 1943.-
....... in Toshkent; on tha Fedohenko glacier; - ——->500 VA
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Figure 2, Relavionship between guﬂ. Wind Velooity on the Fedohenko Qlacier.
(a) June 1943; - -- - July 1943;----.-- August 1943; . — September 1943
(V) ——— Oatober 1943; — - — Novembder 1943;------ December 1943; — - — Jaouary 19%%
(e) Fodrusry 19%4; - — — — March 19k ---—-.-- Apr:) 194k; — .—-—  May 1943
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Figurs b
. (8) Looation of Metearological Station
8
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{b) Lsosticn of Colleotar and Reduction Platform
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